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Description 

BACKGROUND OF THE INVENTION 

5 FIELD OF THE INVENTION 

[0001] The present invention relates to a polishing composition to be used for polishing substrates for semiconduc- 
tors, photomasks and various memory hard disks, particularly to a polishing composition useful for polishing for planari- 
zation of the surface of device waters in e.g. semiconductor industry, and a polishing method employing such a com- 
10 position. 

[0002] More particularly, the present invention relates to a polishing compositbn which is highly efficient and provides 
high selectivity in the polishing of semiconductor devices to which scxalled chemk^al and mechanical polishing (CMP) 
technology is applied, in the processing of device wafers, and a polishing method emptoying such a composition. 

1S DISCUSSION OF BACKGROUND 

[0003] Progress of so-called high technology products including computers has been remarkable in recent years, 
and parts to be used tor such products, such as U LSI, have been developed tor high integration and high speed, year 
after year. Along with such progress, the design rule for semiconductor devices has been progressively refined year 
20 after year, the depth of focus in a process for producing devices tends to be shallow, and planarization required for the 
pattern-forming surface tends to be increasingly severe. 

[0004] Further, to cope with an increase in resistance of the wiring due to refinement of the wiring, it has been studied 
to employ copper instead of tungsten or aluminum, as the wiring material. 

[0005] By its nature, copper is hardly processable by etching, and accordingly it requires the following process. 

2S Namely after forming wiring grooves and vias on an insulating layer, copper wirings are formed by sputtering or plating, 
and then an unnecessary copper layer deposited on the insulating layer is removed by chemical mechanical polishing 
(hereinafter referred to as CMP) which is a combination of mechanical polishing and chemical polishing. 
[0006] However, in such a process, it may happen that copper atoms will diffuse into the insulating layer to deteriorate 
the device properties. Therefore, for the purpose of preventing diffusbn of copper atoms, it has been studied to provide 

30 a barrier layer on the insulating layer having wiring grooves or vias formed. As a material for such a barrier layer, metal 
tantalum or a tantalum-containing compound (hereinafter will generally be referred to as a tantalum-containing com- 
pound) is most suitable also from the viewpoint of the reliability of the device and is expected to be employed mostly 
in the future. 

[0007] Accordingly, in such a CMP process for a semiconductor device containing such a copper layer and atantalum- 

35 containing compound, firstly the copper layer as the outermost layer and then the tantalum-containing compound layer 
as the barrier layer, are polished, respectively and polishing will be completed when it has reached the insulating layer 
of e.g. silicon dioxide or silicon trifluoride. As an ideal process, it is desired that by using only one type of a polishing 
composition, the copper layer and the tantalum-containing compound layer are uniformly removed by polishing in a 
single polishing step, and polishing will be completed certainly when it has reached the insulating layer However, 

40 copper and a tantalum-containing compound are different in their hardness = chemical stability and other mechanical 
properties and accordingly in the processability, and thus, it is difficult to adopt such an ideal polishing process. Ac- 
cordingly, the following two step polishing process, i.e. polishing process divided into two steps, is being studied. 
[0008] Firstly, in the first polishing step (hereinafter referred to as the first polishing), using a polishing composition 
capable of polishing a copper layer at a high efficiency the copper layer is polished using e.g. a tantalum-containing 

45 compound layer as a stopper until such a tantalum-containing compound layer is reached. Here, for the purpose of 
not forming various surface damages such as recesses, erosion, dishing, etc., on the copper layer surface: polishing 
may be terminated immediately before reaching the tantalum-containing compound layer i.e. while a copper layer still 
slightly remains. Then, in the second polishing step (hereinafter referred to as the second polishing), using a polishing 
composition capable erf polishing nnainly a tantalum containing layer at a high efficiency, the remaining thin copper layer 

50 and the tantalum-containing compound layer are continuously polished using the insulating layer as a stopper, and 
polishing is completed when it has reached the insulating layer 

[0009] The polishing composition to be used in the first polishing is required to have a property such that it is capable 
of polishing the copper layer at a high stock removal rate without forming the above-mentioned various surface defects 
on the copper layer surface, which can not be removed by the second polishing. 
55 [0010] With respect to such a polishing composition for a copper layer, for example, JP-A-7-233485 discloses a 
polishing liquid for a copper type metal layer, which comprises at least one organic acid selected from the group con- 
sisting of aminoacetic acid and amidesulfuric acid, an oxidizing agent and water, and a method for producing a semi- 
conductor device using such a polishing liquid. If this polishing liquid is used for polishing a copper layer, a relatively 



2 



EP1 006 166 A1 



high stock removal rate is obtainable. It is believed that copper atoms on the copper layer surface be oxidized by the 
action of the oxidizing agent, and the oxidized copper elements are taken into a chelate compound, whereby a high 
stock removal rate can be obtained. 

[0011] However, as a result of the experiments conducted by the present inventors, it has been found that in polishing 

5 a semiconductor device comprising a copper layer and a tantalum-containing compound layer, the polishing liquid of 
JP-A-7-233485 is effective as a polishing composition mainly for a copper layer i.e. for the first polishing, but it is hardly 
useful mainly for a tantalum-containing compound layer i.e. for the second polishing, because the tantalum-containing 
compound is susceptible to oxidation by an oxidizing agent such as hydrogen peroxide, an iron salt or even water, and 
besides, the oxidized layer tends to be very hard and can not easily be polished. Namely, this oxidized layer (dttantalum 

10 pentoxide) is a very hardly polishable material, whereby polishing will not proceed even by polishing by means of a 
large amount of an oxidizing agent. Further, there has been a problem that due to the strong ferroelectricity of such 
oxidized layer, self -discharge is likely to occur during polishing, whereby expk)sive chipping of the tantalum-containing 
compound layer is likely to occur frequently. Whereas, a copper layer is relatively easily polished, and the stock removal 
rate against the copper layer is higher than the stock rennoval rate against the tantalum compound, whereby surface 

IS damages such as recesses, dishing, erosion, etc., have been likely to form. 

[001 2] On the other hand, a method of mechanically polishing a tantalum-containing compound layer without relying 
on the chemical action, is also being studied. In a polishing composition to be used for this purpose, a relatively hard 
abrasive such as aluminum oxide, silicon nithde or silicon carbide may be used, and the content of such an abrasive 
may be increased. However, if a compositbn containing a large amount of such an abrasive, is used for polishing, 

20 although the stock removal rate against the tantalum-containing compound layer may increase to some extent, the 
stock renrx)val rate against the insulating layer also increases at the same time. Accordingly the ratio (hereinafter 
referred to as Ihe selectivity ratio") of the stock removal rate of the insulating layer to the tantalum-containing compound 
layer, tends to be very small, and consequently, the yield of the device tends to decrease. Further, if such a composition 
is used for polishing, the usage life of the polishing pad is likely to be shortened, thus leading to a problem from the 

2S viewpoint of the production cost. 

SUMMARY OF THE INVENTION 

[001 3] The present invention has been made to solve the above-described problems. Namely, it is an object of the 
30 present invention to provide a polishing composition which is capable of polishing a tantalum-containing compound 
layer at a high stock removal rate. 

[0014] The present invention provides a polishing composition comprising the following components: 
(a) an abrasive, 

35 (b) an oxidizing agent capable of oxidizing tantalum, 

(c) a reducing agent capable of reducing tantalum oxide, and 

(d) water 

[0015] Further, the present invention provides a polishing method for polishing a semiconductor device having a 
40 layer of copper and a layer of a tantalum-containing compound formed on a substrate, by means of a polishing com- 
position comprising the following components: 

(a) an abrasive, 

(b) an oxidizing agent capable of oxidizing tantalum, 

45 (c) a reducing agent capable of reducing tantalum oxide, and 

(d) water. 

[0016] According to the present invention, the tanta!um<ontaining compound layer can be polished at a high stock 
removal rate. Further, according to one embodiment, the present invention provides a polishing composition whereby, 

50 in the CMP process for producing a semiconductor device comprising a copper layer and a tantalum-containing com- 
pound layer on a substrate, the stock removal rate against the copper layer and the tantalum-containing compound 
layer is high, while the stock removal rate against a silicon dioxide layer, a silicon nitride layer, a BPSG layer and other 
insulating layers, is tow, i.e. the selectivity ratio is high, and a polishing method employing such a composition. According 
to another embodiment, the present inventkjn provides a polishing composition whereby, in the CMP process for pro- 

ss ducing a semiconductor device comprising a copper layer and a tantalum-containing compound layer on a substrate, 
the polishing rate against the tantalum-containing compound layer is high, while the stock removal rate against the 
copper layer is low, and a polishing method employing such a compositbn. 

[001 7] By means of such polishing compositions and polishing methods, in a process for producing the above-men- 
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tioned semiconductor device, it is possible to produce the semiconductor device in good yield. 
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
5 Abrasive 

[001 8] In the polishing composition of the present invention, the abrasive has a role as so-called abrasive grains and 
serves to perform mechanical polishing in the CMP processing. Namely, the abrasive is one having an action to me- 
chanically remove a brittle layer formed on the surface to be polished, by various compound components which will 
10 be described hereinafter. 

[0019] The polishing composition of the present invention contains, as an abrasive, at least one member selected 
from the group consisting of silicon dioxide, aluminum oxide, cerium oxide, titanium oxide, silicon nitride, zirconium 
oxide, silicon carbide and manganese dioxide. 

[0020] Among them, silicon dioxide Includes colloidal silica, fumed silica and various other types different in the 
IS nature or the method for preparation. 

[0021] Aluminum oxide also includes a-alumina, 5-alumina, e-alumina, K-alumina and other morpholoQicalty different 
ones. Further, there is one so-called fumed alumina from the method for its preparation. 

[0022] Cerium oxide includes trivalent and tetravalent ones from its oxidation number, and it includes hexagonal 

system, tessera! system and face centered cubic system ones from its crystal system. 
20 [0023] Zirconium oxide includes monoclinic system, tetragonal system and amorphous ones from its crystal system. 

Further, there is one so-called fumed zirconia from the method for its preparation. Further, there are so-called partially 

stabilized zirconia having calcium, magnesium or yttrium solid-solubilized to stabilize part of crystals as a cubic system, 

and completely stabilized zirconia having the solid-solubilized amount of such an element increased to completefy 

stabilize all crystals as a cubic system. 
25 [0024] Titanium oxide includes titanium monoxide, dititanium trioxide, titanium dioxide and other types from its crystal 

system. Further, there is one so-called fumed titania from the method for its preparation. 

[0025] Silicon nitride includes a-silicon nitride, ^-silicon nitride, amorphous silicon nitride and other nrwrphologically 
different ones. 

[0026] Silicon carbide also includes a-type and p-type. 
50 [0027] Manganese dioxide includes a-manganese dioxide, p-manganese dioxide, y-manganese dioxide, 6-manga- 
nese dioxide, e-manganese dioxide, r^-manganese dioxide and other morphologically different ones from its morphol- 
ogy. 

[0028] For the polishing composition of the present invention, these abrasives may be employed optionally in com- 
bination as the case requires. When they are used in combination, the manner of the combination or their proportions, 

35 are not particularly limited. 

[0029] Among these abrasives, it is preferred to employ an abrasive in a colloidal state with a uniform small particle 
size in order to reduce precipitation of the abrasive in the polishing composition during the storage and to prevent 
formation of scratches on the object to be polished, due to the abrasive. Namely, when silicon dioxide is used as an 
abrasive, it is preferably fumed silica and/or colbidal silica, and when alumina is employed, it is preferably fumed 

40 alumina and/or colloidal alumina. 

[0030J The above-described adhesives are intended to polish the surface to be polished by the mechanical action 
as abrasive grains. Among them, the particle size of silicon dioxide is usually from 0.015 to 0.05 ^m, preferably from 

0. 02 to 0.04 |im as an average particle size obsen/ed by a scanning electron microscope, and the specific surface 
area measured by a BET method is usually from 50 to 1 50 rr^/g, preferably from 70 to 120 m2/g. Likewise, the particle 

45 size of aluminum oxide, zirconium oxide, titanium oxide, silicon nitride, silicon carbide or manganese dioxide, is usually 
from 0.03 to 0.1 Mm, preferably from 0.05 to 0.08 jim, as an average particle size observed by a scanning electron 
microscope, and the specific surface area measured by BET method is usually from 20 to 90 rr^/q, preferably from 30 
to 70 m2/g. 

[0031] If the average particle sizes of these abrasives exceed the above respective ranges or if the specific areas 
50 are smaller than the above respective ranges, the mechanical polishing action will increase, and the rate of polishing 
the insulating layer will increase, whereby the selectivity ratio tends to be smalt, the surface roughness of the polished 
surface tends to increase, or scratches tend to form. On the other hand, if the average particle sizes are smaller than 
the respective ranges, or the specific surface areas are larger than the respectively ranges, the mechanical polishing 
action will decrease, whereby the stock removal rate against the tantalum-containing compound layer or the copper 
55 layer tends to be low. 

[0032] The content of the abrasive in the polishing composition of the present invention is usually from 10 to 200 g/ 

1, preferably from 30 to 100 g/i, based on the polishing composition. If the content of the abrasive is too small, the 
mechanical polishing power decreases, whereby the rate ot polishing the insulating layer decreases, but the rate of 
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polishing the tantalum-containing compound layer will also decrease, and consequently, the selectivity ratio tencte to 
be srmll, such being undesirable. On the other hand, if the content of the abrasive is too large, the mechanical polishing 
power increases, and the rates of polishing not only the copper layer and the tantalum-containing compound layer but 
also the insulating layer, will increase, whereby the selectivity ratio tends to be small, or control of the stock removal 
s rate of e.g. the copper layer is likely to be difficult, and due care will be required. 

Oxidizing agent 

[0033] The polishing composition of the present invention contains an oxidizing agent which is capable of oxidizing 

10 a tantalum-containing compound. Here, the tantalum-containing compound includes not only metal tantalum but also 
tantalum nitride. In the polishing composition of the present mention, the perfomnance required for the oxidizing agent 
is to oxidize the tantalum-containing compound layer on one hand and to oxidize the surface of the copper layer to 
form a brittle oxide layer, on the other hand. More importantly, it has a nature scarcely react directly with the reducing 
agent which will be described hereinafter. Namely, during the polishing, it is important to preferentially oxidize the 

'5 surface of the object to be polished. 

[0034] As oxidizing agents useful for the polishing composition of the present invention, hydrogen peroxide, iron(MI) 
salts, cerium(IV)salts and carboxylic acids may be mentioned. However, among carboxylic acids, formic acid and oxalic 
acids have no action as an oxidizing agent, and as described hereinafter they act as reducing agents. Accordingly, 
they are excluded from the oxidizing agents. On the other hand, relatively strong oxidizing agents such as permanga- 

20 nates or dichromates, are not desirable, since they are likely to directly react with the reducing agent. It should be 
mentioned that the tantalum-containing compound is a substance which is relatively easily oxidized, and it nnay be 
oxidized even by an oxidizing agent having a relatively weak oxidizing power or by a small amount of an oxkJizing agent. 
[0035] Specifically, such an oxidizing agent may, for example, be hydrogen peroxide, iron nitrate, iron sulfate, am- 
monium iron sulfate, cerium sulfate, ammonium cerium sulfate, citric acid, succinic acid, malonic acid, malic acid, acetic 

25 acid, butyric acid, valeric acid or lactic acid. 

[0036] Among them, hydrogen peroxide is particularly preferred as the oxidizing agent to be used for the present 
invention. Hydrogen peroxide contains no metal iron and is less likely to contaminate a semiconductor device, and it 
yet has an adequate oxidizing power for oxidizing the tantalum-containing compound. 

[0037] The content of the oxidizing agent in the polishing composition of the present invention is preferably from 
30 0.002 to 1 mo!/€, more preferably from 0.01 to 0.1 mol/€. In general, if the content of the oxidizing agent is larger than 
this minimum amount, a practical stock removal rate (from 300 to 1 ,000 A/min) against the tantalum-containing com- 
pound layer can be obtained. If the content of the oxidizing agent is too small, the oxidizing action against the tantalum- 
containing compound layer tends to be small, and not enough polishing power may sometimes be obtained. On the 
other hand, if the content of the oxidizing agent is too large, poiishing of the tantalum-containing compound layer can 
35 be carried out adequately, but control of polishing against the copper layer tends to be difficult, whereby surface dam- 
ages such as recesses, dishing or erosion, are likely to form, and due care will be required. 

Reducing agent 

40 [0038] The polishing composition of the present invention contains a reducing agent which is capable of reducing 
tantalum oxide formed by the above-described oxidizing agent. 

[0039] The reducing agent useful for the polishing composition of the present invention may. for example, be formic 
acid, oxalic acid or formaldehyde. These reducing agents are considered to perform a role of reducing the surface of 
the tantalum-containing compound layer oxidized by the oxidizing agent The reducing agent of the present invention 
'^5 is preferably one which will not react directly with the coexisting oxidizing agent and which preferentially reduces the 
surface of the polished object which was oxidized during the polishing. Accordingly, a relatively strong reducing agent 
such as a sulfide or a boron compound is not preferred, since such a reducing agent is likely to directly react with the 
oxidizing agent, and its toxicity is strong. 

[0040] Among them, oxalic acid is particularly preferred as the reducing agent to be used for the present invention. 

50 The content of the reducing agent in the polishing composition of the present invention is preferably from 0.002 to 0. 1 
mol/€, preferably from 0.005 to 0.05 moVt In general if the content of the reducing agent is larger than this minimum 
amount, a practical stock removal rate (from 300 to 1 ,000 A/min) against the tantalum-containing compound layer can 
be obtained. If the content of the reducing agent is too small, the reducing action will be small, and as a result, the rate 
of polishing the tantalum-containing compound layer tends to be low. On the other hand, if the content of the reducing 

55 agent Is too large, the reducing action will be too large, and the rate of polishing the copper layer tends to be small. 
Further, oxalic acid also has toxicity, and its excessive incorporation is not desirable. Further, oxalic acid has a function 
to suppress decomposition of hydrogen peroxide, whereby the storage stability of the polishing composition will be 
improved. 
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[CX)41] Further, in a case where it is necessary to control the stock removal rates of the tantalum-containing compound 
layer and the copper layer, it is preferred to set the contents of the oxidizing agent and the reducing agent to satisfy 
the following formula: 

X-a0002^Y 

wherein X is the content (mol/<) of the oxidizing agent, based on the polishing composition, and Y is the content (mol/ 
i) of the reducing agent, based on the polishing composition. 

[0042] In this case, the stock removal rates of the tantalum<ontaining compound layer and the copper layer will be 
substantially the same, whereby it is possible to unifomily polish the surface to be polished, comprising the tantalum- 
containing compound and the copper layer present as a wiring portion. Further, by reducing the content of the oxidizing 
agent of the above formula, or by increasing the content of the reducing agent, it is possible to mend the surface 
damages such as recesses, dishing or erosion, controlled by the first polishing. 

Chelating compound 

[0043] The polishing composition of the present invention preferably further contains a chelating compound which 
exhibits a chelating action to copper The copper layer is a material which can be relatively easily polished, but the 
amount to be polished is the largest in the polishing process for the semiconductor device, and accordingly a high 
stock removal rate is required. Therefore, it is preferred to further improve the stock removal rate against the copper 
layer by a further addition of a chelating compound to the polishing composition comprising the abrasive, the oxidizing 
agent and the reducing agent. 

[0044] Chelating compounds useful for the polishing composition of the present Invention include, for example, eth- 
ylenediamine, diethylenetriamine, triethylenetetramine, tetraethylenepentamine, pentaethylenehexamine, glycine, eth- 
ylenediamine telraacetic acid, diethylenetriamine pentaacetic acid, triethylenetetramine hexaacetic acid, nitrilotriacetic 
acid, ammonium hydroxide, etc. Among them, ethylenediamine is preferred. Ethyl enediamine forms a chelating bond 
to a copper atom relatively easily, whereby a high stock removal rate can be obtained. 

[0045] The content of the chelating compound in the polishing composition of the present invention is usually from 
0.005 to 0.05 mol/€. If the content of the chelating compound is too small, the rate of polishing the copper layer tends 
to be small. On the other hand, it the content of the chelating compound is too much, the rate of polishing the copper 
layer tends to be excessive, whereby not only control tends to be difficult but also surface damages such as dishing 
are likely to be brought about. Accordingly, due care is required. 

Piperazine 

[0046] It is preferred that the polishing composition of the present invention further contains piperazine. Piperazine 
acts on the surface of the copper layer during polishing and thereby prevents formation of surface damages such as 
recesses, dishing or erosion, and it also sewes to protect the polished surface and contributes to accomplishing a 
mirror-finished surface. 

[0047] When piperazine is to be added to the polislaing composition of the present invention, it is preferred that the 
oxidizing agent is hydrogen peroxide, and the reducing agent is oxalic acid. When the polishing composition of the 
present invention comprises an abrasive, hydrogen peroxide, an acidic reducing agent such as oxalic acid, piperazine 
and water, due to a neutralization reaction of the reducing agent with piperazine, the content of oxalic acid which 
practically acts as a reducing agent, will be a content obtained by subtracting the content of piperazine from the oxalic 
acid (hereinafter referred to as "the content of effective reducing agent"). Here, it is usually advisable to set the contents 
of hydrogen peroxide and oxalic acid so that all of the following formulae are satisfied: 

0.002^X^0.025 (a) 



0.002^Z<0.05 (b) 



2.5X-0.01^Z (c) 
[0048] Z=Y-P (content of effective reducing agent) (d) wherein X. Y and P are the contents {nrx)l/€) of the oxidizing 
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agent, the reducing agent and the piperazine, respectively, based on the polishing composition. 

[0049] When a reducing agent which is not acidic (such as formaldehyde) is to be employed, the content of effective 

reducing agent will be equal to the usual content. 

[0050] In this case, if the contents of the oxidizing agent, the reducing agent and the piperazine are at least the 
minimum contents which satisfy the formulae (a) to (d), the stock removal rate of the tantalum-containing compound 
will be substantially constant, like the case where no piperazine is incorporated These minimum contents are also 
contents which make it possible to polish the tantalum-containing compound at a practical rate (Irom 300 to 1 ,000 kl 
min) in the CMP process for a semiconductor device comprising the tantalum-containing compound and copper. Ac- 
cordingly, it the contents of these oxidizing agent, reducing agent and piperazine are too small, the stock removal rate 
of the tantalum-containing compound layer tends to be small, such being not practical. On the other hand, if the content 
of the oxklizing agent is too large, control of polishing tends to be difficult, and surface damages such as dishing, 
erosion or recesses are likely to form, although the stock removal rate against the copper layer may increase. On the 
other hand, if the content of the reducing agent is too large, the abrasive tends to aggregate, whereby the viscosity of 
the composition tends to increase, and the handling tends to be difficult, and scratching is likely to result, such being 
undesirable. 

Water 

[0051] The medium of the polishing composition of the pTos&nX invention is water. Water is preferably one having 
impurities reduced as far as possible, so that the above-mentioned components can precisely perform their roles. 
Namely, water is preferably distilled water. Water is also one having impurity ions removed by an ion exchange resin 
and having suspended matters removed by a filter. 

Polishing composition 

[0052] The polishing composition of the present invention is prepared usually by mixing, dissolving or dispersing the 
above -described respective components, i.e. the abrasive, the oxidizing agent and the reducing agent, and, if required, 
a chelating compound, in water. Here, methods for mixing, dissolving or dispersing are optional. For example, stirring 
by a vane-type stirrer or supersonic dispersion may be employed. By such a method, soluble components will be 
dissolved and insoluble components will be dispersed, whereby the composition will be a uniform dispersion. 
[0053] The polishing composition of the present invention may further contain a pH^djusting agent to adjust the pH, 
various surfactants and other additives, as the case requires. 

[0054] In the present invention, the pH-adjusttng agent is used to improve the stability of the polishing composition, 
to improve the stability in use or to meet the requirements of various regulations. As a pH-adjusting agent employed 
to lower the pH of the polishing composition of the present inventbn, hydrochloric acid, nitric ackJ, sulfuric acid or the 
like, may be mentioned. On the other hand, one to be used for the purpose of increasing the pH, ammonia, potassium 
hydroxide, sodium hydroxide or the like, may be mentioned. The polishing composition of the present invention is not 
particularly limited with respect to the pH, but it is usually prepared to have a pH of from 1 to 7. 
[0055] The surfactants 'mc\u6e, for example, a dispersing agent, a wetting agent, a thickener a defoaming agent, a 
foaming and a water repellent. As a surfactant to be used as a dispersant, it is common to employ a surfactant of 
sulfonic acid type, phosphoric acid type, carboxylic adid type or nonionic type. 

[0056] For the preparation of the polishing composition of the present invention, there is no particular restriction as 
to the order of mixing the various additives or the mixing method. 

[0057] The polishing composition of the present invention may be prepared, stored or transported in the form of a 
stock solution having a relatively hi^ concentration, so that it may be diluted for use at the time of actual polishing 
operation. The above-mentioned preferred range for the concentration is one for the actual polishing operaton. Need- 
less to say, in the case of adopting such a method of use, the stock solution during the storage or transportatran is a 
solution having a higher concentration. 

[0058] Further, hydrogen peroxkJe has a characteristic such that it decomposes in the presence of metal ions, am- 
monium ions or an amine. Accordingly, in the polishing composition of the present inventbn, it is advisable to add and 
mix it to the polishing composition immediately prior to the actual use for polishing operation. Such decomposition of 
hydrogen peroxide can be suppressed by incorporating a carboxylic acid or alcoholic rrwlecules. Namely, it is possible 
to suppress decompositbn of hydrogen peroxide by the above-mentioned oxalic acid. However, such decomposition 
will be influenced also by the storage environment, and there is a possibility that part of hydrogen peroxide undergoes 
decomposition due to a temperature change during transportation or due to formation of a stress. Accordingly it is 
preferred to carry out the mixing of hydrogen peroxide immediately before polishing. 
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Polishino mechanism 

[0059] By the polishing composition of the present invention, polishing can be carried out at a higher stock removal 
rate of the tantalum-containing compound layer, which used to be difficult to polish. The polishing mechanism has not 
5 yet been clearly understood, but may be explained as follows. 

[0060] When the polishing composition of the present invention is brought in contact with the tantalum<ontaining 
compound layer, an oxidizing reaction and a reducing reaction may simultaneously or alternately proceed on its surface. 
Namely, the oxidizing agent oxidizes the surface of the tantalum-containing compound layer and the reducing agent 
reduces the formed tantalum oxide. 'A tantalum-containing compound layer in a readily polishable state* formed spon- 
10 taneously by such a redox cycle, will be polished by the polishing composition of the present invention, whereby It 
becomes possible to accomplish a high stock removal rate against the tantalum-containing compound. In the CMP 
processing employing a conventional polishing composition, an oxidizing action used to be a central polishing mech- 
anism, and if such CMP processing is applied to a tantalum-containing compound layer, polishing has been difficult 
due to the oxidized layer fomned on its surface. Whereas, according to the polishing composition of the present inven- 
ts tion, it is possible to carry out the CMP processing of the tantalum-containing compound layer at a high stock removal 
rate. 

[0061] Now, the polishing composition of the present invention will be described in further detail with reference to 
Examples. However, it should be understood that the present invention is by no means restricted to such specific 
Examples. 

20 

EXAMPLES 1 to 16 and COMPARATIVE EXAMPLE 1 to 3 

Preparation of polishing compositions 

25 [0062] A predetermined amount of fumed silica (primary particle size: 0.03 \im, specific surface area: 90 m^/g) as 
an abrasive, was dispersed in water to prepare a slurry. Then, to this slurry, hydrogen peroxide, oxalic acid and ethyl- 
enediamine were added and mixed in the proportions as identified in Table 1 . In this manner, polishing compositions 
of Examples 1 to 16 and Comparative Examples 1 to 3 were prepared. Further, hydrogen peroxide was mixed imme- 
diately prior to polishing. 

30 

Polishing tests 

[0063] As objects to be polished, a 6-inch silicon wafer having a copper layer formed in a thickness of about 10,000 
A by sputtering, a 6-inch silicon wafer having a tantalum layer formed in a thickness of about 2,000 A by sputtering 
35 and a 6-inch silicon wafer having a silicon dioxide layer formed in a thickness of about 10,000 A by a heat oxidation 
method, were used, and the layer-formed side of each wafer was polished. 

[0064] Polishing was carried out by means of a one side polishing machine (table diameter: 570 mm). To the table 
of the polishing machine, a laminated polishing pad made o1 potyurethane (lC-1000/Suba400. manufactured by Rodel 
Inc.. U.S.A.) was bonded. Firstly, the copper layer-attached wafer was mounted and polished for one minute, and then 
40 it was changed to the tantalum layer-attached wafer, which was likewise polished for one minute, and finally changed 
to the silicon dioxide layer-attached wafer, which waslikewise polished for 3 minutes. The polishing conditions were 
such that the polishing pressure was 490 g/cm^, the table rotatbnal speed was 40 rpm, the feed rate of the polishing 
composition was 150 cc/min, and the rotational speed of the wafer was 40 rpm. 

[0065] After the polishing, the wafers were sequentially washed and dried, whereupon the thickness reduction of the 
45 layer of each wafer by polishing was measured at 49 points, whereby the stock renrraval rates in the respective tests 
were obtained. The obtained results were as shown in Table 1 . 
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50 EXAMPLES 17 to 22 

[0066] As an abrasive, fumed silkja, colloidal silica or fumed alumina, having a primary particle 6i2e and a specific 
surface area as identified in Table 2, was dispersed in water to prepare a slurry. To tills slurry, hydrogen peroxide, 
oxailc acid and ethylenediamine were added and mixed in the proportions as identified in Table 2. In this manner. 
55 polishing compositions of Examples 1 7 to 22 were prepared. The contents of the respective components were 60 g/€ 
of the abrasive, 0.05 moVi of the oxidizing agent, and 0.02 mol/€ of each of the reducing agent and the chelating 
compound. Further, hydrogen peroxide was mixed immediately prior to polishing, in the same manner as in Examples 
1 to 16. 
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[0067] From the results shown in Tables 1 and 2, it Is evident that with the polishing compositions of the present 
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invention, the rate of polishing the copper layer and the tantalum-containing compound layer is high by the actions of 
both the oxidizing agent and the reducing agent, as compared with a polishing composition not containing either hy- 
drogen peroxide or oxalic acid, and the rate of polishing the silicon dioxide layer is suppressed to a low level. Further, 
it Is evident that the stock removal rate against the copper layer is further improved by the action of the chelating 
compound. Although not shown in the Tables, no surface damages were observed In any Example, when these polished 
surfaces were visually inspected. 

EXAMPLES 23 to 41 and COMPARATIVE EXAMPLES 5 to 12 
Preparation of polishing compositions 

[0068] As an abrasive, a predetermined amount of colloidal silica (primary particle size: 0.035 \xm, specific surface 
area: 80 m^/g) or fumed silica (primary particle size: 0.03 jim, specific surface area: 90 m^/g) was dispersed in water 
to prepare a slurry. Then, to this slurry, hydrogen peroxide, oxalic acid and piperazine were added and mixed in the 
proportions as identified in Table 1. In this manner, polishing compositions of Examples 23 to 41 and Comparative 
Examples 5 to 12 were prepared. Further, hydrogen peroxide was mixed immediately prior to polishing. 

Polishing tests 

[0069] As objects to be polished, a 6-inch silicon wafer having a copper layer formed in a thickness of about 1 0,000 
A by sputtering, a 6-inch silicon wafer having a tantalum layer formed in a thickness of about 2,000 A by sputtering 
and a 6-inch silicon wafer having a silicon dioxide layer formed in a thickness of about 10,000 A by a heat oxidation 
method, were used, and the layer-formed side of each wafer was polished. 

[0070] Polishing was carried out by means of a one side polishing machine (table diameter: 570 mm). To the table 
of the polishing machine, a laminated polishing pad made of polyurethane {IC-1000/Suba400, manufactured by Rodel 
Inc., U.S.A.) was bonded. Firstly, the copper layer-attached wafer was mounted and polished for one minute, and it 
was then changed to the tantalum layer-attached wafer which was likewise polished for one minute. The polishing 
conditions were such that the polishing pressure was 4,900 g/cm^, the table rotational speed was 40 rpm, the feed 
rate of the polishing composition was 150 cc/min, and the rotational speed of each wafer was 40 rpm. 
[0071] After the polishing, the wafers were sequentially washed and dried, whereupon the thickness reduction of the 
layer of each wafer by polishing was measured at 49 points, whereby the stock removal rates in the respective tests 
were obtained. The obtained results were as shown in Table 3. 



Table 3 





Abrasive {g/i) 


Oxidizing 
agent (mol/€) 


Reducing 
agent (mol/€) 


PIZ *(mol/*) 


Stock removal rate (A/mIn) 


Cu 


Ta 


Example 23 


CS*50 


02 


0.2 


0 


689 


724 


Example 24 


CS50 


0.1 


. 0.1 


0 


685 


715 


Example 25 


CS50 


0.05 


0.1 


0 


388 


666 


Example 26 


CS50 


0.05 


0.05 


0 


673 


728 


Example 27 


CS50 


0.02 


0.05 


0 


293 


705 


Example 28 


CS50 


0.01 


0.01 


0 


667 


676 


Example 29 


CS50 


0,002 


0.01 


0 


198 


666 


Example 30 


OS 50 


0.001 


0.01 


0 


99 


713 


Example 31 


CS50 


0.002 


0.002 


0 


387 


418 


Example 32 


CS50 


0.001 


0.002 


0 


191 


397 


Example 33 


CS50 


0.03 


02 


0.1 


396 


475 



*CS: Colloidal siltca 
PIZ: Pip«razine 
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Tables (continued) 







Abrasive (gft) 


Oxidizing 
agent (mol/f) 


Reducing 
agent {moVl) 


PIZ *(mol/€) 


Stock removal rate (A/min) 


5 












Cu 


Ta 




Example 34 


FS*50 


0.02 


0.1 


0.05 


437 


493 




Example 35 


FS 80 


0.006 


0.01 


0.005 


4oy 


4*K> 


10 


Example 36 


FS 80 


0.002 


0.01 


0.005 


338 


429 


Example 37 


FS 80 


0.001 


0.01 


0.005 


145 


440 




Example 38 


FS 80 


0.002 


0.004 


0.002 


196 


305 




Example 39 


FS 80 


0.001 


0.004 


0.002 


145 


310 


15 


Example 40 


CS 10 


0.01 


0.01 


0 


£.00 






Example 41 


CS 200 


0.01 


0.01 


0 


678 


988 




Comparative 
Example 5 


CS 50 


0.15 


0.1 


0 


1.526 


729 


20 


Comparative 
Example 6 


CS 50 


0.07 


0.05 


0 


1.192 


726 




Comparative 
Example 7 


CS 50 


0.02 


0.01 


0 


1.579 


706 


2S 


Comparative 
Example 8 


CS50 


0.004 


0.002 


0 


995 


405 




Comparative 
Example 9 


CS 50 


0.02 


0.05 


0 


240 


249 


30 


Comparative 
Example 10 


FS 50 


0.03 


0.1 


0.05 


768 


493 




Comparative 
Example 11 


FS 50 


0.01 


0.01 


0.005 


1.181 


456 


3S 


Comparative 
Example 12 


CS5 


0.01 


0.01 


0 


196 


100 



*CS: Colloidal slica 
FS: Funned silica 
PIZ: Ptperazine 

40 



[0072] From the results shown in Table 3, it is evident that with the polishing compositions of the present invention, 
the tantalum layer can be polished at a practical stock removal rate (from 300 to 1 ,000 A/min) by optimizing the contents 
of both the oxidizing agent and the reducing agent, and the stock removal rate of the copper layer may also be set at 
a level lower than the stock removal rate of the tantalum layer. Although not shown in the Table, no surface damages 
were observed In any Example, when these polished surfaces were visually inspected. 

[0073] According to the present Invention, it is possible to provide a polishing composition which is capable of pol- 
ishing a tantalum-containing compound layer at a high stock removal rate and whereby in the CMP process for pro- 
ducing a semiconductor device comprising a copper layer and a tantalum-containing compound layer on a substrate, 
the stock removal rates against the copper layer and the tantalum-containing compound layer are high, while the stock 
removal rate against the insulating layer is small, i.e. the selectivity ratio is large, and a polishing method employing 
such a composition, or a polishing composition whereby the stock removal rate against the tantalum-containing com- 
pound layer is high, and the stock removal rate against the copper layer is low and a polishing method employing such 
a composition. Thus, in the process for producing a semiconductor device, the semiconductor device can be produced 
in good yield. 
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Claims 

1 . A polishing composition comprising the following components: 

(a) an abrasive. 

(b) an oxidizing agent capable of oxidizing tantalum. 

(c) a reducing agent capable of reducing tantalum oxide, and 

(d) water. 

2. The polishing composition according to Claim 1 , wherein the abrasive is at least one member selected from the 
group consisting of silicon dioxide, aluminum oxide, cerium oxide, zirconium oxide, titanium oxide, silicon nitride, 
silicon carbide and manganese dioxide. 

3. The polishing composition according to Claim 1 , wherein the abrasive is at least one member selected from the 
group consisting of fumed silica, colloidal silica, fumed alumina and colloidal alumina. 

4. The polishing composition according to Claim 1 , wherein the abrasive has a primary particle size of from 0.01 5 to 
0.05 ^m and a specific surface area of from 50 to 1 50 m^/g, and the content of the abrasive is from 10 to 200 g/l, 
based on the polishing composition. 

5. The polishing composition according to Claim 1 , wherein the oxidizing agent is at least one member selected from 
the group consisting of hydrogen peroxide, iron(lll) salts. cerium(IV) salts and carboxylic acids other than formic 
acid and oxalic acid. 

6. The polishing composition according to Claim 1 . wherein the oxidizing agent is hydrogen peroxide. 

7. The polishing composition according to Claim 1 , wherein the reducing agent is at least one member selected from 
the group consisting of oxalic acid, formic acid and formaldehyde. 

8. The polishing composition according to Claim 1 , wherein the reducing agent is oxalic acid. 

9. The polishing composition according to Claim 1 wherein the contents of the oxidizing agent and the reducing 
agent satisfy the following formulae, respectively: 

0.002^X^1 



0.002^Y^0.1 

wherein X is the content (mol/l) of the oxidizing a^ent. based on the polishing compositbn, and Y is the content 
(mol/l) of the reducing agent, based on the polishing composition. 

1 0. The polishing composition according to Claim 1 , which further contains a chelating compound showing a chelating 
action to copper. 

11. The polishing composition according to Claim 1 0, wherein the chelating compound is at least one member selected 
from the group consisting of ethylenedtamine, diethylenetriamlne, triethylenetetramine, tetraethylenepentamlne, 
pentaethyleneh examine, glycine, ethylenediaminetetraacetic acid, diethylenetriaminepentaacetic acid, triethyl- 
enetetraminehexaacetic acid, nitrilotriacetic acid and ammonium hydroxide. 

12. The polishing composition according to Claim 10, wherein the content of the chelating compound is from 0.005 to 
0.05 mol/l, based on the polishing composition. 

13. The polishing composition according to Claim 1 , which further contains piperazine. 

14. The polishing composition according to Claim 13, wherein the contents of the oxidizing agent, the reducing agent 
and the piperazine satisfy all of the following formulae: 
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3S 



40 



45 



SO 



55 



0.002^X^0.025 



0X02^2^0.05 



2.5X-0.01<Z 



Z = Y-P 

wherein X, Y and P are the contents (mol/l) of the oxidizing agent, the reducing agent and the ptperazine, respec- 
tively, based on the polishing composition. 

IS 

15. A polishing nnethod for polishing a semiconductor device having a layer of copper and a layer of a tantalum- 
containing compound formed on a substrate, by means of a polishing composition comprising the following com- 
ponents: 

20 (a) an abrasive, 

(b) an oxidizing agent capable of oxidizing tantalum, 

(c) a reducing agent capable of reducing tantalum oxide, and 

(d) water. 

25 1 6. The polishing method according to Claim 1 5, wherein the polishing composition further contains a chelating com- 
pound showing a chelating action to copper. 

17. The polishing method according to Claim 15, wherein the polishing composition further contains piperazine. 

30 18. The polishing method according to Claim 15, wherein the semiconductor device has a tantalum compound layer 
and a copper layer sequentially formed on an insulating layer having a pattern, and an excess copper layer on the 
outermost surface is removed by polishing. 
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